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Objective. 312 tinnitus suﬀerers were studied in order to analyze: the clinical characteristics of tinnitus; the presence of
tinnitus-age correlation and tinnitus-hearing loss correlation; the impact of tinnitus on subjects’ life and where possible the
etiological/predisposing factors of tinnitus. Results. There is a slight predominance of males. The highest percentage of tinnitus
results in the decades 61–70. Of the tinnitus suﬀerers, 197 (63.14%) have a hearing deﬁcit (light hearing loss in 37.18% of cases).
The hearing impairment results of sensorineural type in 74.62% and limited to the high frequencies in 58.50%. The tinnitus
is referred as unilateral in 59.93%, a pure tone in 66.99% and 10 dB above the hearing threshold in 37.7%. It is limited to high
frequenciesin72.10%ofthepatientswithsensorineuralhearingloss(SNHL)whilethe88.37%ofthepatientswithhigh-frequency
SNHL have a high-pitched tinnitus (χ2 = 66.26;P<. 005). Conclusion. Hearing status and age represent the principal tinnitus
related factors; there is a statistically signiﬁcant association between high-pitched tinnitus and high-frequency SNHL. There is no
signiﬁcant correlation between tinnitus severity and tinnitus loudness conﬁrming the possibility that neural connection involved
in evoking tinnitus-related negative reactions are governed by conditioned reﬂexes.
1.Introduction
Tinnitus is an auditory phantom sensation, a “perception
of a sound which results exclusively from activity within
the nervous system without any corresponding mechanical,
vibratory activity within the cochlea” with high prevalence
rates in western societies [1–7].
Epidemiological studies showed that about one third of
the population experiences tinnitus at least once in their life
andabout1–5%developseriouspsychosocialcomplications;
in Italy an epidemiologic study based on questions to general
population upon auditory dysfunctions evidenced a tinnitus
prevalence percentage in 14.5% (8% in normal hearing
subjects, 30.5% in presence of auditory dysfunctions) [8]
while Girard et al., as reported by Deshaies et al., found
a prevalence percentage of 5.2% in 41631 Canadians [9]. It
was estimated that in Germany ∼1.5 million, corresponding
to 1.82% of population, have problems with tinnitus and
800.000, and 0.97% of the population, suﬀer so severely that
they are in continuous medical treatment [10].
Persistent tinnitus may rapidly become a source of
serious disturbance and handicap at psychological and
socio-professional levels; in fact in 1–3% of the general
population, the tinnitus aﬀect the quality of life, involving
sleep disturbance, work impairment, and psychiatric distress
[11, 12].
The presence of tinnitus progressively increases with
increasing age (12% after the age of 60; 5% in the 20–30
age group), and this is not so much correlated with senes-
cence itself as with the frequent concomitant hearing loss.2 International Journal of Otolaryngology
The tinnitus prevalence in fact increases to 70–85% of the
hearing-impaired population [3–7, 13].
The tinnitus is much more common with a percentage
>90%. There is no single pathophysiological pathway to
explain the production of subjective tinnitus. All structures
of the auditory system have been suggested as possible sites
of generation for tinnitus, from periphery to auditory cortex
[14, 15].
In most cases, despite appropriate medical examination,
the origin of tinnitus is unknown but it is well documented
in literature that tinnitus and hearing deﬁcit are often related
phenomena; either sensorineural hearing loss (SNHL) as
well as noise-induced hearing loss are considered the ﬁrst
cause of tinnitus [16–18]. Tinnitus can be also due to other
inner ear dysfunctions, such as those associated with sudden
hearing loss or acoustic trauma, or part of otological and
neurological diseases such as M´ eni` ere’s disease, conductive
hearing loss, acoustic neuroma or severe head injury.
Although tinnitus is commonly associated with hearing
loss, other aetiological factors have emerged from the widest
epidemiological studies of tinnitus prevalence and actually
they were considered as potential causes of tinnitus and/or
cofactors. As reported by Hoﬀman these factors include
conditions such as vascular disease, diabetes, hypertension,
autoimmune disorders, and degenerative neural disorders
[16, 19, 20].
Even if in the past years there was a great consensus
among the studies with respect to tinnitus suﬀerers, the
knowledge on tinnitus onset and history, clinical presen-
tation and audiological characteristics is still incomplete.
Moreover it appears clear that there is an heterogeneity
within the tinnitus population, the implication being that,
as stated above, there may be a variety of aetiological
mechanisms causing the tinnitus. Despite this, the doctor
maynotbeinasituationwherehecanprovideanaetiological
link between the perception of tinnitus and one or more
deﬁned underlying pathologies. Finally, the perception of
tinnitus may be linked to emotional changes, which may
or may not be related to an organic pathology. All these
unresolved questions underline the necessity of further
investigations on tinnitus population.
The aim of this study was to focus on patients suﬀering
from tinnitus who were referred to the Audiology Section
of Palermo University in order to analyze both the clinical
characteristics of tinnitus symptoms and, where possible, its
etiological/predisposing factors; to evaluate both the tinnitus
age correlation and the tinnitus hearing loss-correlation; to
quantify its impact on subjects’ life.
2.MaterialsandMethods
The study was conducted by the Audiology Section of the
Department of Bio-technology of Palermo University on 312
subjects, 176 males and 136 females, ranging from 21 to 83
years of age, who suﬀered from tinnitus.
In this study all consecutive tinnitus patients were
included except 6 subjects with coexisting psychotic dis-
orders (2 subjects with schizophrenia and 4 subjects with
mental retardation); these psychotic disorders presented the
only exclusion criteria of this study because they did not
permited the collaboration of patients.
After the personal data, all patients underwent to a
careful general medical history to identify tinnitus-related
pathologies and other health diseases; it followed an ENT
specialist history and an otological examination.
As forthe analysis of data collected, the following param-
eters were considered: age, sex, hearing threshold, any audio
vestibular-associated diseases, tinnitus laterality (unilateral
or bilateral), tinnitus duration (acute: ≤3 months, subacute:
3–12 months, and chronic: >12 months), tinnitus measure-
ments and subjective disturbance caused by tinnitus.
Asforage,patientsweredividedintosixagegroups:from
21 to 30, 31 to 40, 41 to 50, 51 to 60, 61 to 70, and >70.
The audio/vestibular system was studied through thresh-
old audiometry (considering the frequencies 0.5–1–2–3–4–
8kHz), tympanometry with stapedius reﬂex, auditory brain
stem responses, nystagmography and Vestibular Evoked
Miogenic Potentials. If necessary, in order to identify the
cause of tinnitus, other speciﬁc exams were performed: in
particular laboratory studies including hematocrit, blood
chemistries, thyroid studies and lipid battery; Doppler ultra-
sonography (USG Doppler) evaluat blood ﬂow disturbance
in vertebral and basilar artery; middle/inner ear com-
puter tomography study (CT) and, suspecting an acoustic
neuroma or neurovascular conﬂict, a magnetic resonance
imaging/Angio CT (MRI/Angio CT).
Audiometric threshold was considered as the pure tone
average for the frequencies 0.5–1–2–4–8kHz and divided
into: normal hearing (<20dB); light hearing loss (21–40dB);
moderate hearing loss (41–70dB); severe hearing loss (71–
90dB); profound hearing loss (>90dB).
Hearing loss was also divided into three categories:
conductive hearing loss; sensorineural hearing loss (high
frequency including 3, 4 and 8kHz; low frequency limited
to 250–500Hz; ﬂat curve) and mixed loss.
The audiologic measurement of tinnitus included pitch
matching and loudness matching. The pitch matching was
determined asking to patient to compare tinnitus charac-
teristics with the diﬀerent tones proposed in head-phones
and to choose the tone with frequency more similar to
that of tinnitus; on the basis of the examined frequencies
(0.125–0.25–0.5–1–2–4–8KHz) it was able to identify three
categories (Low-Middle-High pitched) considering undeter-
mined overall cases of tinnitus with a frequency outside the
range. The loudness matching was determined increasing, in
head-phones, the magnitude of this tone for steps of 5dB,
until the patient declared to perceive with similar magnitude
the tone and his tinnitus; this increase of magnitude of
tone respect to hearing threshold was considered tinnitus
loudness (0–5dB, 5dB, 10dB, 15dB, >15dB above the
hearing threshold).
To evaluate the perceived severity of tinnitus and its
impact on life Tinnitus Handicap Inventory (THI - Newman
e coll.) was administered. This tool is a 25-item survey that
is composed of three subscales: a functional subscale (12
items), an emotional subscale (8 items) and a catastrophic
response subscale (5 items) which address role and physical
functioning, psychological distress, desperation and loss ofInternational Journal of Otolaryngology 3
Table 1: Tinnitus etiologies and health factors associated.
Etiology No. of cases (%)
Chronic noise exposure 27 (8.65)
Acoustic trauma 12 (3.85)
Sudden hearing loss 6 (1.92)
Middle ear pathology 35 (11.22)
Otosclerosis 13 4.16
Chronic MO 12 3.84
Acute MO 10 3.20
Degenerative cochlear disease 26 (8.33)
Meni` ere 17 5.44
Chemotherapeutic toxicity 92 . 8 8
Cerumen 3 (0.96)
Neurovascular cross compression with
VIII cranial nerve
5 (1.60)
Retrocochlear pathology 3 (0.96)
Eustachian tube dysfunction 47 (15.06)
Temporomandibular Joint Syndrome 5 (1.60)
Unknown 143 (45.83)
Total 312 (100)
Other health factors associated with
tinnitus
No. of cases (%)
Cardiovascular diseases 87 (27.88)
Metabolic diseases 23 (7.37)
Table 2: Tinnitus participants: Audiological characteristics.
Subjects Total % Sub group (%)
Hearing of population 312 100
Normal Hearing 115 36.86
Hearing Loss 197 63.14
Hearing threshold 312 100
Normal hearing 115 36.86
Light HL 116 37.18
Moderate HL 44 14.10
Severe HL 31 9.93
Profound HL 6 1.92
Hearing Loss 197 63.14 (100)
Sensorineural HL 147 47.11 (74.62)
Conductive HL 21 6.73 (10.66)
Mixed HL 29 9.29 (14.72)
Type of SNHL 147 47.11 (100)
High frequencies SNHL 86 27.56 (58.50)
Low frequencies SNHL 17 5.45 (11.56)
Flat SNHL 44 14.10 (29.93)
control, respectively. Each item has 3 potential answers with
“yes” assigned 4 points, “sometimes” 2 points, and “no” 0
points. This leads to a total score ranging from 0 indicating
no tinnitus handicap and 100 the worst patients’ annoyance.
Classically it grades ﬁve categories of tinnitus severity: slight
corresponding to a score 0–16; mild (18–36); moderate (38–
56); severe (58–76); catastrophic (78–100) [21].
Table 3: Tinnitus characteristics of the 312 subjects.
Subjects No. Total %
Localization of tinnitus 100
Right 83 26.61
Left 104 33.33
Bilateral 74 23.71
Within head 51 16.35
Tinnitus duration 100
Acute (≤3 months) 95 30.45
Subacute (3–12 months) 133 42.63
Chronic (>12 months) 84 26.92
Subjective judgment of tinnitus type 100
Pure tone 209 66.99
Narrow-band 87 27.88
Undetermined 16 5.13
Tinnitus pitch 100
High-pitched tinnitus 172 55.13
Middle-pitched tinnitus 56 17.95
Low-pitched tinnitus 68 21.79
Undetermined 16 5.13
Type of tinnitus onset 100
Suddenly 128 41.02
Slowly progressive 184 58.98
Tinnitus matched loudness 100
0–5dB above the hearing threshold 44 14.1
5dB above the hearing threshold 88 28.21
10dB above the hearing threshold 118 37.8
15dB above the hearing threshold 44 14.1
>15dB above the hearing threshold 4 1.28
Undetermined 14 4.48
Development of tinnitus loudness 100
Has increased 168 53.85
Has decreased 26 8.33
Unchanged 118 37.82
Degree of discomfort evaluated by THI 100
Slight (I grade) 59 18.91
Mild (II grade) 102 32.69
Moderate (III grade) 79 25.32
Severe (IV grade) 52 16.67
Catastrophic (V grade) 20 6.41
For the statistical analysis the χ2 test, the Pearson’s corre-
lationcoeﬃcient(Pearson’sr)andA no vat estw er ecalculat ed
using the Matlab computer programme.
3. Results
312 patients took part in the study, 176 (56.41%) males and
136 (43.59%) females, aged between 21 and 83 with a mean
age of 58.37. The distribution of the decades of age and sex is
indicated in Figure 1.
In 45.83% of cases, it was not possible to correlate the
tinnitus with a known etiology; tinnitus was associated with4 International Journal of Otolaryngology
Table 4: Tinnitus subjects and SNHL: distribution according to type of SNHL and tinnitus pitch.
Tinnitus pitch Sensorineural hearing loss Total
High frequencies Low frequencies Flat
No. No. No. No.
High-pitched 76 — 30 106
Middle-pitched 7 6 9 22
Low-pitched 2 10 5 17
Undetermined 1 1 — 2
Total 86 17 44 147
χ2 = 66.1230, df = 6, P<. 001.
Table 5: Distribution of 312 subjects according to tinnitus-matched loudness and Tinnitus Handicap Inventory.
THI Tinnitus intensity Total
(category) 0–5dB 5dB 10dB 15dB >15dB undetermined
No. No. No. No. No. No. No.
Slight 12 17 21 8 — 1 59
Mild 14 32 38 14 1 3 102
Moderate 9 20 31 17 1 1 79
Severe 8 15 22 5 — 2 52
Catastrophic 1 4 6 — 2 7 20
Total 44 88 118 44 4 14 312
χ2 = 70.06, df = 20, P<. 001;
correlation index r = 0.8712, P = .0544.
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Figure 1: Distribution of the decades of age and sex (χ2 = 5.15,
df = 5, P = .39).
chronic noise exposure in 27 cases (8.65%), acoustic trauma
in 12 cases (3.85%), sudden hearing loss in 6 cases (1.92%),
middle ear pathology in 35 cases (11.22%), degenerative
cochlear disease as Meni` ere and chemotherapeutic toxicity
in 26 cases (8.33%). Moreover, it was diagnosed in 47 cases
a coexisting Eustachian tube dysfunction and a temporo-
mandibular Joint Syndrome in 5 cases (Table 1).
As for other predisposing conditions for tinnitus, cardio-
vascular disease (hypertension, atherosclerosis or high blood
viscosity)was identiﬁed in 87 patients; and metabolic disease
was found in 23 cases.
The hearing loss accompanies tinnitus symptoms in
63.14% of patients; the hearing loss was identiﬁed as
conductive hearing loss in 10.66% of cases, as sensorineural
hearing loss in 74.62% of cases and mixed type in 14.72% of
cases.
Of147patientswithsensorineuralhearinglossin58.50%
the hearing loss was limited to high frequencies; in the
11.56% to low frequencies; in 29.93% to a ﬂat loss.
As for audiometric threshold, it was revealed: normal
hearing in 36.86% of cases; light hearing loss in 37.18% of
cases,moderatehearinglossin14.1%ofcases,severehearing
loss in 9.93% of cases and profound hearing loss in 1.92% of
cases (Table 2). The mean values of audiometric threshold
resulted are 30.94 ± 4.66dB for the group with light hearing
loss; 55.11 ± 6.69dB for the group with moderate hearing
loss; 79.98 ± 7.18dB for the group with severe hearing loss
and 97.5±2.74dB for the group with profound hearing loss.
Tinnitus was referred as unilateral in 187 patients
(59.93%), 83 cases in the right ear and 104 cases in the left
ear; bilateral in 74 patients (23.71%), and “in the head” in 51
cases (16.35%).
Asfortinnitusduration,itwaspresentedinacuteformin
95 patients corresponding to 30.45%, subacute in 133 cases
(42.63%) and chronic in 84 patients (26.92%).
In most cases, patients reported their tinnitus as a pure
tone in 66.99% (209 cases); in relation to narrow-band in
27.88% (87 cases); at last, the tinnitus is not identiﬁable in
5.13% of cases (16 patients).
The tinnitus frequency, measured by the pitch matching
test, was matched to high frequencies (4, 6, 8KHz) in 172International Journal of Otolaryngology 5
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Figure 2: Distribution of the loudness matches: (a) absolute values;
(b) relative values.
patients (55.13%), to middle frequencies (1, 2, 3KHz) in
56 patients (17.95%), to low frequencies (125, 250, 500Hz)
in 68 patients (21.79%) while it was variable and not
identiﬁablein16patients(5.13%).Table3showsthetinnitus
characteristics of the 312 subjects.
The 72.10% of the patients with sensorineural hearing
loss had a high-pitched tinnitus while the 88.37% of the
patients with high-frequency sensorineural hearing loss had
a high-pitched tinnitus (Table 4).
The loudness matches for tinnitus, as estimated by
audiometry, was 0–5dB above the hearing threshold in
14.1% of cases; 5dB above the hearing threshold in 28.21%
of cases; 10dB above the hearing threshold in 37.8% of cases;
15dB above the hearing threshold in 14.1% of cases; above
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Figure 3: ANOVA test for THI score: Light HL 34.07 ± 20.09;
Moderate HL 40.41±22.95; Severe HL 46.90±24.48; Profound HL
53.33 ±30.11.
15dB in 1.28% of cases; in 4.48% it was no able to identify
the tinnitus loudness (Figure 2).
The tinnitus began suddenly in 41.02% (128 patients),
increased in loudness overtime in 53.85% (168 cases),
decreased in 8.33%, and was unchanged in 37.82% of par-
ticipants (118 cases).
Regarding tinnitus annoyance and its impact on the
quality of life, the THI identiﬁed ﬁve categories of tinnitus
severity: slight grade was found in 59 patients (18.91%);
mild grade in 102 patients (32.69%); moderate grade in 79
patients (25.32%); severe grade in 52 patients (16.67%) and
catastrophic grade in 20 patients (6.41%). Figure 3 shows the
Anova test for THI score and categories of hearing loss.
4. Discussion
Tinnitus is the general term for sound perception (roaring,
hissing or ringing) that cannot be attributed to an external
sound source. It has been reported that the condition aﬀects
from5%to32%oftheworldpopulation,andin25%ofthese
cases, it is suﬃciently severe to cause them to seek medical
help [6, 8–10, 17, 18]. As it is conﬁrmed in the present
study in which the male prevalence is 56.41% (P = .39),
usually there is a slight predominance of males respect to
females; both Johansson and Arlinger (2003), Fabijanska et
al. (1999) and Palmer et al. (2002) reported a minimally
higher, but not statistically signiﬁcant, prevalence overall for
male than for female [17, 22, 23]. This could be correlated to
high industrial noise exposure percentage among men more
than females [24]. The epidemiological data have generally
supported a strong association of tinnitus with increasing
age; in particular the decade of age in which tinnitus aﬀects
more frequently is between 61 and 70 followed by lower
decades (41–50) [4, 5, 10, 16, 22, 23]. Our study evidenced a
highest percentage of tinnitus after the age of 70 followed by
the decades 61–70 and 51–60; it is probably due both to the
degree of hearing impairment and to the high incidence of
predisposing conditions (i.e., cardiovascular and metabolic
diseases) which, in tested population, it was progressively
more evidenced in seniors.6 International Journal of Otolaryngology
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Figure 4: Regression analysis of THI and loudness matches.
Tinnitus is a multifactorial symptom, which can be
induced by all types of hearing loss as well as by somatic and
psychiatric disorders and pharmaceutical drugs. Axelsson
(1991) described diﬀerent diseases which were accompanied
by tinnitus and the main causes leading to tinnitus were
suggested. He was able to identify the aetiology of tinnitus in
81% of tinnitus tested cases [25]. In 26% of cases, Savastano
(2008) was not able to correlate the tinnitus with a known
etiology or anatomical site [26]. In our study the percentage
ofundeterminedaetiologyresulted45.83%;thishighvalueis
due to a high number of chronic tinnitus suﬀerers examined
i nw h i c hi ti sm o r ed i ﬃcult to identify an aetiological factor
also for the presence of coexisting psychological disorders
associated to tinnitus.
Revised tinnitus literature seems to assume de facto a
causal relationship between hearing loss and tinnitus but the
value percentage of subjects with tinnitus associated with
hearing loss is very variable ranging from 30% to 85% of
cases [3–5, 9, 13]. This variability depends on the cohorts
selected (i.e., age; professional noise-exposure; etc.) and it
is strongly inﬂuenced by any condition such as middle-
ear infections, cochlear hydrops, otosclerosis, antineoplastic
drugs, that, leading to deterioration in hearing, are potential
causes of tinnitus. In particular Steinmetz et al. (2009),
Sindhusake et al. (2004), Kaharit et al. (2003) and Palmer et
al. (2002) report a tinnitus/hearing loss correlation ranging
from 12% to 50% in case of professional noise exposure [13,
20, 22, 27]. In this study, of a total number of 312 tinnitus
aﬀected, hearing loss was shown in 63.14% of cases with a
high prevalence of sensorineural type (74.62%), supporting
the actual theories that the loss of hair cell activity with
consequent less eﬀective functioning of the cochlea eﬀerent
system represents the commonest cause of tinnitus [14, 28].
When present, the sensorineural hearing loss was found,
in most cases, limited to the high frequencies (58.50%) and
of light-moderate degree (51.28%). These ﬁndings were also
referred by Savastano, Satar et al. and Henry et al. [26, 29,
30]; also Nicolas-Puel et al. (2002) on 123 patients evidenced
a prevalence high-frequency SNHL [24].
As for tinnitus characteristics it is accepted that there
is a statistically signiﬁcant association between high-pitched
tinnitus and high-frequency SNHL; when subjects match
their tinnitus pitch to a pure tone, most of the matches
are at frequencies at which hearing is impaired [31–33].
The results of our study show a tinnitus as a pure tone
in 66.99% and matched to high frequencies in 55.13%;
moreover the 72.10% of the patients with SNHL had a high-
pitched tinnitus while the 88.37% of the patients with high-
frequency sensorineural hearing loss had a high-pitched
tinnitus supporting data literature of a strong relationship,
statistically signiﬁcant, between the type of SNHL and the
tinnitus-pitch (χ2 = 66.1230, df = 6, P<. 001).
More frequently, the subjective judgment of loudness
matches for tinnitus was 10dB above the hearing threshold
(37.8%); this value suggests that most patients seek for spe-
cialist examination when the symptom is already disturbing
[11, 12].
The data work show that 23.08% of the subjects, 52
cases with severe grade and 20 cases with catastrophic grade
according to THI test, have sleep disturbances and diﬃculty
with any daily activity while no strong signiﬁcant correlation
was found between the magnitude of loudness matches for
tinnitus measured by matching procedure and the tinnitus
annoyance (r = 0.8712, P = .0544) (Table 5). The regression
analysis conﬁrms how stated above showing a correlation
index of r = 0.053 with P = .364 (Figure 4).
It may support the actual theory that the patient’s reac-
tion to tinnitus cannot be classiﬁed as a simple function of
itspsychoacousticaspectsbutratherasacomplexinteraction
betweenacousticphantomsymptoms, somatic attentionand
depressive symptoms.
5. Conclusions
Tinnitus is a distressing symptom, provoking an important
decrease in the quality of life in 20% of tinnitus suﬀerers,
that is strongly correlated to many factors. This paper,
according to literature data, suggests that the hearing statusInternational Journal of Otolaryngology 7
and the old age represent the principal tinnitus-related
factors; in most cases tinnitus is high-pitched and it is
associated to high-frequency hearing loss with a signiﬁcant
statistical correlation between the two variables. The analysis
of relationship between tinnitus severity (expressed as THI
scores) and tinnitus loudness match clearly demonstrate
lack of correlation between these variables. This ﬁnding
support the possibility that neural connection involved in
evoking tinnitus-related negative reactions is governed by
conditioned reﬂexes.
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